7.6                             PRELIMINARY,
system of bodies -moves just as all their matter, if concentrated in a point, would move iinder the influence offerees equal and parallel to the forces really acting on its different parts. From the second we infer that the axis of resultant -rotation through the centre of inertia of any system of bodies, or through any point either at rest or moving uniformly in a straight line, remains unchanged in direction, and the sum of moments of momenta round it remains constant if the system experiences no force from without. This principle is sometimes called Conservation .of Areas, a not very convenient designation. From this principle it follows that if by internal action such as geological upheavals or subsidences, or pressure of the winds on the water, or by evaporation and rain- or snow-fall, or by any influence not depending on the attraction of sun or moon (even though dependent on solar heat), 'the disposition of land and water becomes altered, the component round any fixed axis of the. moment of momentum of the earth's rotation remains constant.
. 234. The kinetic energy of any system is equal to the sum of the kinetic energies of a mass equal to the sum of the masses of the system, moving with a velocity equal to that of its centre of inertia, and of- the motions of the separate parts relatively to the c.entre of inertia.
Let 01 represent the velocity of the centre of inertia, IP tljat of -any point of the system relative to 0. Then the actual velocity .of that point is OP, and the proof of § 196 .applies at once — it being remembered that the mean of IQ, i. e. the mean of the velocities relative to the centre of inertia and parallel to Of, is zero by § 65.
235. The kinetic 'energy of rotation of a rigid system about any | .axis is (§§ 55, 179) expressed by ^SwrV, where m is the mass of any ^ art,, r its distance, from the axis> and <o the angular velocity of rotation. It may evidently be written in the form \^mt*. The factor "S,mr* is of course (§ 198) the, Moment of .Inertia of the system about the axis in .question.
•-It is worth while to notice that the moment of momentum of any rigi'd system about an axis, being 'S<mvr=to'S,mra) is the product of the angular velocity into the moment of inertia; while, as above, the half product of the. moment of inertia by the square of the angular velocity is the kinetic energy.
If we take a quantity k, such that
k is called the Radius of Gyration about the axis from which r.Js measured. The radius of gyration about any axis is therefore 'the distance from that axis at which, if the whole mass were placed, it would have the same moment of inertia as before. In a fly-wheel,